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Abstract
We consider the generation of fermion masses in an emergent model of electroweak
symmetry breaking with compositeW,Z gauge bosons. A universal bulk fermion profile in
a warped extra dimension is used for all fermion flavors. Electroweak symmetry is broken
at the UV (or Planck) scale where boundary mass terms are added to generate the fermion
flavor structure. This leads to flavor-dependent nonuniversality in the gauge couplings.
The effects are suppressed for the light fermion generations but are enhanced for the top
quark where the Ztt¯ and Wtb¯ couplings can deviate at the 10− 20% level in the minimal
setup. By the AdS/CFT correspondence our model implies that electroweak symmetry is
not a fundamental gauge symmetry. Instead the Standard Model with massive fermions
and W,Z gauge bosons is an effective chiral Lagrangian for some underlying confining
strong dynamics at the TeV scale, where mass is generated without a Higgs mechanism.
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1 Introduction
The origin of mass of the elementary particles in the standard model remains a long-standing
problem. The simplest solution has been to invoke the Higgs mechanism with the requisite
Higgs boson. However the Higgs boson has not yet been discovered and moreover, new physics
at the TeV scale is required to stabilize the Higgs boson mass, such as supersymmetry or
strong dynamics. Therefore, even though the Higgs mechanism seems essential it has yet to be
experimentally verified. Recently, an alternative possibility was considered, that does not rely
on the Higgs mechanism [1]. Instead, analogous to the ρ-mesons in QCD, the W,Z bosons are
composite, obtaining their mass from the binding energy of some underlying strong dynamics.
Electroweak symmetry is in fact broken at the Planck scale, and the massive electroweak gauge
bosons “emerge” at low energies when conformal symmetry is broken. Consequently, in the
emergent model, electroweak symmetry is not a fundamental gauge symmetry. Since the model
is phenomenological, parameters must be tuned to satisfy electroweak precision tests, which
may or may not depend on more fundamental physics. Nonetheless, the emergent model shows
that in the standard model the Higgs mechanism is not mandatory. This idea is not new, with
similar approaches having been previously considered in [2]. However, it is distinct from other
Higgsless ideas [3, 4], where even though there is no Higgs boson, a Higgs mechanism is still
present.
Besides the electroweak gauge bosons the fermions in the standard model must also obtain
a mass. In Ref. [1], the AdS/CFT correspondence was used to construct a calculable model in
a slice of AdS5, where the fermions were treated as massless and confined to the IR brane. This
was a simplifying assumption to show that the correct couplings to gauge bosons are indeed
obtained. In this paper we show how fermion masses are obtained in the emergent model with
composite W,Z bosons. As outlined in Ref. [1] the fermions must have a universal bulk profile
in order to guarantee gauge coupling universality. Since electroweak symmetry is broken on the
UV brane, boundary mass terms will then generate the necessary flavor structure. The fermion
bulk profiles do obtain flavor-dependent corrections from non-universal UV boundary masses,
but since both the electroweak gauge bosons and fermions are peaked near the IR brane, the
nonuniversality in the gauge couplings is suppressed. These effects are greatest for the fermions
of the third generation, where in particular for the top quark, deviations in gauge coupling
universality are at the 10− 20% level. While there are no conflicts with current direct bounds,
this deviation in the top-quark coupling causes a tension with indirect bounds from electroweak
precision data. One way to alleviate this tension is to treat the top quark separately from the
light fermions as has been considered in other Higgsless models.
Of course, the fermion mass hierarchy will no longer arise from the wavefunction overlap.
Instead one must rely on a Froggatt-Nielsen mechanism [5] on the UV brane to generate the
Yukawa coupling hierarchy. Nevertheless the extra dimension still plays a role in reducing the
possible hierarchy in Yukawa couplings. A UV localized fermion profile with a large coupling
to the UV brane would require much smaller Yukawa couplings compared to an IR localized
fermion profile that is naturally suppressed near the UV brane. Furthermore, the Kaluza-Klein
(KK) states are sufficiently heavy but also more suppressed at the IR brane due to large IR
boundary kinetic terms. Interestingly, the lightest KK state of the top quark is approximately
1
1.5 TeV. With this sufficiently small mass and sizeable couplings it can be searched for at the
LHC.
The outline of this paper is as follows. In Section 2 we review the emergent model of
Ref. [1] and introduce bulk fermions with a universal profile. The matching to Standard Model
(SM) gauge couplings is discussed in Section 3. This includes the photon, W -boson and Z-
boson couplings. An electroweak precision analysis is also presented. The conclusion and final
comments are given in Section 4.
2 The 5D Emergent Model
The emergent model of electroweak symmetry breaking is defined in five dimensions using the
Randall-Sundrum framework [6]. Consider a slice of AdS5 with five-dimensional (5D) metric
ds2 =
1
(kz)2
(ηµνdx
µdxν + dz2) ≡ gMNdxMdxN , (1)
where k is the AdS curvature scale. The 5D spacetime indices are written as M = (µ, 5), with
µ = 0, 1, 2, 3, and ηµν = diag(−+++) is the four-dimensional (4D) Minkowski metric. The fifth
dimension z is compactified on a Z2 orbifold, with a UV (IR) brane located at the fixed point
z∗ = zUV (zIR). The z coordinate is related to the 4D energy scale, and the scale of the UV (IR)
brane is chosen to be zUV = k
−1, (zIR = O(TeV−1)) respectively, where k ≃ MP = 2.4 × 1018
GeV is the reduced Planck scale. An underlying stabilization mechanism (such as in Ref. [7])
is assumed for the separation between the two branes.
The 5D emergent model [1] contains an electroweak symmetry, SU(2)L × U(1)Y , which is
preserved in the 5D bulk and on the IR brane but broken down to the electromagnetic gauge
group U(1)Q on the UV brane. In addition brane kinetic terms [8] are added to the boundaries
to ensure that the W,Z gauge bosons are identified with the lowest-lying KK modes which are
peaked towards the IR brane and are sufficiently separated from the higher KK modes. Since
the breaking on the UV brane is implemented via Dirichlet boundary conditions, the model
is effectively Higgsless at low energies. It differs from the usual Higgsless model [4] in that
the W,Z bosons are identified as the lowest-lying KK states peaking towards the IR brane (as
opposed to the flat zero modes) and therefore via the AdS/CFT dictionary [9, 10] are composite.
On the other hand the massless gauge bosons such as the gluons are elementary fields as well
as the photon which is (mostly) elementary.
2.1 Fermions in the composite W/Z model
In the original model the fermions were simply treated as confined to the IR brane. To obtain a
more realistic scenario we will suppose that the fermions are bulk fields which obtain their mass
from electroweak symmetry breaking on the UV brane. However, since the profiles of the W,Z
gauge bosons are no longer constant (being localized towards the IR brane), gauge coupling
universality is no longer automatic. Instead to guarantee universality, the fermion bulk profiles
must be identical for all flavors. On the UV boundary fermion masses are then introduced to
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generate the required flavor structure. A large modification of the fermion profiles occurs near
the UV brane, but since the W,Z gauge boson profiles are suppressed there, the deviations
from gauge coupling universality of the light fermions are naturally tiny and are compatible
with current experimental constraints.
For each SM fermion flavor i, we introduce two Dirac fermions Ψ
(L)
i ,Ψ
(R)
i where L(R) refer
to the left (right)-handed SU(2)L doublets (singlets) in the Standard Model. The fermion
action is given by
SΨ = i
∫
d5x
√−g
[
1
2
(Ψ
(L)
i Γ
MDMΨ
(L)
i −DMΨ
(L)
i Γ
MΨ
(L)
i ) +m
(i)
L Ψ
(L)
i Ψ
(L)
i + (L↔ R)
]
. (2)
The curved-space gamma matrices ΓM = eMA γ
A, where eMA = (kz)δ
M
A is the vielbein and γ
A are
the gamma matrices in flat space given by
γµ = −i
(
0 σ¯µ
σµ 0
)
, γ5 =
(
1 0
0 −1
)
, (3)
with σµ(σ¯µ) = (1,±σi) and σi are the usual Pauli matrices. The spinor covariant derivative
DM = ∂M + ωM , where ωM = (− 12zγµγ5, 0) is the spin connection. The bulk fermion masses
m
(i)
L,R = c
(i)
L,Rk are parametrised in units of the curvature scale, k with dimensionless parameters
c
(i)
L,R. To maintain gauge coupling universality in the bulk, we require the left and right-handed
fermion wavefunctions to be the same and universal for all fermion flavors, so we define c
(i)
R =
−c(i)L ≡ c. In addition the Dirac fermions Ψi (suppressing L,R labels) are decomposed into
their left(−) and right(+)-handed Weyl components by writing Ψi = Ψi+ +Ψi−, where Ψi± =
±γ5Ψi±. The (massless) zero modes are then taken to be associated with Ψ(L)i− and Ψ(R)i+ .
To generate masses for the 4D fermion zero modes we will consider adding a UV boundary
mass term, with an action of the form
S(UV )m = i
∫
d5x
√−g λ(i)5
[
Ψ
(L)
i Ψ
(R)
i +Ψ
(R)
i Ψ
(L)
i
]
(kz)δ(z − zUV), (4)
where λ
(i)
5 are flavor-dependent Yukawa couplings. This mass term will introduce a flavor-
dependent modification to the fermion bulk profile which for light fermions is proportional to
(mi/mKK)
2. However, note that the fermion mass hierarchy now arises from the boundary
Yukawa couplings and is no longer explained by the wavefunction overlap in the bulk. Instead
the hierarchy in λ
(i)
5 is assumed to arise from a Froggatt-Nielsen mechanism [5] on the UV
brane.
Furthermore, fermion kinetic terms can be added on the IR brane. The boundary action is
given by
S
(IR)
KE = i
∫
d5x
√−g
[
1
2
ηiL(Ψ
(L)
i Γ
µDµΨ
(L)
i −DµΨ
(L)
i Γ
µΨ
(L)
i ) + (L↔ R)
]
(kz)δ(z − zIR),
= i
∫
d5x
√−g
[
ηiLΨ
(L)
i e
µ
αγ
α∂µΨ
(L)
i + (L↔ R)
]
(kz)δ(z − zIR), (5)
3
where ηiL,R are constant coefficients of the brane kinetic terms. Since the fermion bulk profiles
are universal these coefficients are also assumed to be flavor-independent with ηiL = ηiR ≡ η.
In addition, we will see later that boundary kinetic terms help to achieve 5D perturbativity.
Note also that boundary kinetic terms can be added on the UV boundary but these have a
negligible effect, and for simplicity we will neglect them.
The equations of motion and boundary conditions can be obtained by varying the total
action, SΨ + S
(UV )
m + S
(IR)
KE . They are solved by using the Kaluza-Klein decomposition
Ψ
(L),(R)
± (x
µ, z) =
∞∑
n=0
f
(n)
L±,R±(z)ψ
(n)
± (x
µ), (6)
where we have suppressed the flavor index i, and assumed identical 4D modes ψ
(n)
± for Ψ
(L),(R).
The form of the profile functions f
(n)
± (suppressing L,R labels) are found to be
f
(n)
± (z) = Nn(kz)
5/2[Jα±(mnz) + bnYα±(mnz)], (7)
where α± ≡ c ± 1/2 and Nn, bn are the same constants for both ± . The vanishing of the
boundary variation leads to the following set of boundary conditions
f
(n)
L+(z
+
UV) = −λ5f (n)R+(zUV), f (n)L+(z−IR) = −(ηLk)(mnzIR)f (n)L−(zIR), (8)
f
(n)
R−(z
+
UV) = λ5f
(n)
L−(zUV), f
(n)
R−(z
−
IR) = (ηRk)(mnzIR)f
(n)
R+(zIR), (9)
where δΨ
(L)
+ = δΨ
(R)
− = 0 on the boundaries. The profiles f
(n)
L+,R− are discontinuous at the
boundaries and we define f(z+UV) = limǫ→0 f(zUV + ǫ) and f(z
−
IR) = limǫ→0 f(zIR − ǫ). This
definition is necessary because boundary terms arising from the integration by parts of bulk
kinetic terms assumes a continuous function limit. Note that we have used
∫ zIR
zUV
dz δ(z −
zUV )f(z) =
1
2
f(zUV ) and
∫ zIR
zUV
dz δ(z − zIR)f(z) = 12f(zIR).
The fermion profiles (7) depend on three parameters Nn, bn and mn. These are determined
by the two boundary conditions and a normalization condition. First, imposing the IR boundary
condition determines the constants b
(L),(R)
n to be
b(L)n = −
JαL+(m̂n) + (ηLk) m̂nJαL−(m̂n)
YαL+(m̂n) + (ηLk) m̂nYαL−(m̂n)
, (10)
b(R)n = −
JαR−(m̂n)− (ηRk) m̂nJαR+(m̂n)
YαR−(m̂n)− (ηRk) m̂nYαR+(m̂n)
, (11)
where m̂n = mnzIR. The mass eigenvalues, mn are then obtained by imposing the UV boundary
conditions. This leads to the algebraic equation
(λ5)
2
[
JαR+(mnzUV) + b
(R)
n YαR+(mnzUV)
] [
JαL−(mnzUV) + b
(L)
n YαL−(mnzUV)
]
=
[
JαR−(mnzUV) + b
(R)
n YαR−(mnzUV)
] [
JαL+(mnzUV) + b
(L)
n YαL+(mnzUV)
]
, (12)
which is solved numerically.
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In order to obtain the correct dimensionally reduced theory from the KK expansion of the
action, namely
S4 = i
∫
d4x (ψ
(n)
γµ∂µψ
(n) +mnψ
(n)
ψ(n)), (13)
with ψ(n) = ψ
(n)
+ + ψ
(n)
− , one must impose suitable normalization conditions on the profile
functions. The fermion boundary conditions (8) and (9) for the Sturm-Liouville problem leads
to the more general normalization condition (suppressing L,R labels)∫
dz
(kz)4
f
(m)
± (z)f
(n)
± (z) +
η
2(kzIR)3
f (m)even(zIR)f
(n)
even(zIR) =
1
2
δmn +∆
±
mn, (14)
where the η term only exists for the even mode. Compared to the usual normalization condition,
Sturm-Liouville orthonormality requires two additional pieces in (14): the η term on the left-
hand side due to the presence of boundary kinetic terms, and ∆±mn on the right-hand side due
to boundary mass terms. The necessity of the ∆±mn term, due to boundary mass terms, was
first pointed out in [11]. Note that analogous to the flavor factor an, bn in [11], the δmn term
in (14) includes an additional factor 1
2
, to ensure a canonical kinetic term for the KK modes.
Using our boundary conditions and, for simplicity, ignoring off-diagonal entries (flavor mixings)
in the Yukawa matrices (as considered in [11]), we obtain for m 6= n
∆L−mn =
mn
m2m −m2n
[
1
(kzUV )4
f
(m)
L− (zUV )f
(n)
L+(zUV )−
1
4(kzIR)4
(
3 +
m2m
m2n
)
f
(m)
L− (zIR)f
(n)
L+(zIR)
]
+ (m↔ n) , (15)
∆L+mn =
−mn
m2m −m2n
[
1
(kzUV )4
f
(m)
L+ (zUV )f
(n)
L−(zUV )−
1
(kzIR)4
f
(m)
L+ (zIR)f
(n)
L−(zIR)
]
+ (m↔ n) .
(16)
In (15) we have used the boundary condition (8) to rewrite the η term. Similar expressions are
obtained for the (R) fields, except for an overall sign difference. When m = n, the expressions
are given by
∆L−,R−nn = −∆L+,R+nn =
1
2mn
[
1
2(kzIR)4
f
(n)
− (zIR)f
(n)
+ (zIR)−
1
(kzUV )4
f
(n)
− (zUV )f
(n)
+ (zUV )
]
. (17)
Given that ∆+nn = −∆−nn, the normalization factors, Nn are most simply determined by summing
together the ± expressions in (14) to give∫
dz
(kz)4
(
f
(n)
L−(z)f
(n)
L−(z) + f
(n)
L+(z)f
(n)
L+(z)
)
+
η
2(kzIR)3
f
(n)
L−(zIR)f
(n)
L−(zIR) = 1 , (18)
where for the (R) fields the boundary kinetic term part contains f
(n)
R+. This relation is also
consistent with having canonically normalized kinetic terms in the 4D theory.
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2.2 Example: Massless bulk fermions (c = 0)
An interesting case to consider for the bulk fermion masses is when c = 0. Besides obtaining
simple analytic expressions for the fermion profiles, having c near 0 naturally accommodates a
TeV scale mass with anO(1) UV Yukawa coupling. The fermion mass hierarchy is then obtained
by UV Yukawa couplings which are similar to those in the SM. Assuming ηL = ηR ≡ η the
fermion profiles are given by
|f (n)L−(z)| = |f (n)R+(z)| = N (0)n (kz)2 [cos(m̂n −mnz)− (ηk)m̂n sin(m̂n −mnz)] , (19)
|f (n)L+(z)| = |f (n)R−(z)| = N (0)n (kz)2 [sin(m̂n −mnz) + (ηk)m̂n cos(m̂n −mnz)] , (20)
where N
(0)
n is the normalization constant. Using (18) it is given by
N (0)n ≃
1√
zIR
√
1
1 + (ηk)/2 + (ηk)2m̂2n
, (21)
where zUV/zIR ≪ 1. It is a useful check to consider the limit m0 → 0 corresponding to
turning off the boundary Dirac mass (λ5 = 0). In this case we find that |f (0)L−(z)| = |f (0)R+(z)| ∝
(kz)2 which is just the even zero-mode fermion wavefunction, while |f (0)L+(z)| = |f (0)R−(z)| → 0,
represents the odd zero-mode fermion that is projected out by the boundary conditions.
The mass eigenvalues are obtained by solving the equation (12), which in the limit πkR≫ 1,
simply becomes
λ25 =
(
tan m̂n + (ηk)m̂n
1− (ηk)m̂n tan m̂n
)2
. (22)
In the limit λ5 ≪ 1 the smallest solution to this equation is approximately given by
mi0 ≃ λ
(i)
5√
(1 + ηk)2 + 2ηk(λ
(i)
5 )
2
z−1IR , (23)
where the flavor dependence has been reintroduced. Assuming λ
(i)
5 ≪ 1, the next-heaviest KK
mode is near m̂1 ∼ π/2. However, when λ(i)5 = O(1) the first KK mode becomes light m̂1 < 1
and is approximately given by
mi1 ≃
√
1
(λ
(i)
5 )
2
+
2
(ηk)
z−1IR . (24)
This can cause the next-heaviest KK mode of the top quark to be too light and violate ex-
perimental bounds. For z−1IR = 1800 GeV, λ
(t)
5 = 1.15 and ηk = 10 we numerically obtain
mt0 ≃ 171 GeV and mt1 ≃ 1503 GeV. This compares with the electron where λ(e)5 = 3.1×10−6,
numerically gives me0 ≃ 0.5 MeV and me1 ≃ 2938 GeV. The remaining light fermion masses
are obtained by choosing λ
(i)
5 ≃ (mi/me)λ(e)5 . The intriguing feature of the mass spectrum is
that unlike most existing RS models, the first KK top quark in our model can be as light as 1.5
TeV, with a sizeable coupling to the SM top quark: gt(0)t(1)Z ∼ 13gt(0)t(0)Z . The KK top quarks
are pair-produced and give rise to a 2t + 2Z signal. The analysis of this signal will be left for
future work, but could be an interesting discovery channel for our model.
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3 Matching to the SM gauge couplings
The gauge couplings are obtained from the wavefunction overlap between the fermion profiles
and the composite W,Z-boson profiles. While most of the bulk overlap will be universal, the
gauge couplings will receive small nonuniversal contributions from the UV Yukawa coupling.
This arises from the nonuniversal deformation of the fermion profile near the IR brane, where
the fields are mostly localized. Assuming a gauge-covariant derivative DM = ∂M + ig5LA
a
MT
a+
ig5Y Y5Bµ, and working in the gauge where A5 ≡ 0, the bulk interaction term is given by
Sint = i
∫
d5x
√−g (kz)
[
1√
2
g5LΨ
(L)
γµ(AL+µ T
+ + AL−µ T
−)Ψ(L) + g5LΨ
(L)
γµAL3µ T
3Ψ(L)
+g5YΨ
(L)
γµBµY5LΨ
(L) + g5YΨ
(R)
γµBµY5RΨ
(R)
]
, (25)
where T±, T 3 are the SU(2)L generators, Y5L,R is the 5D hypercharge and AL±µ = 1/
√
2(AL1µ ∓
iAL2µ ).
In addition to the bulk interaction terms we also need to include boundary interaction terms.
These terms are in fact required by the renormalization principle in quantum field theory for
models with brane kinetic terms. Their value can be fixed by the brane kinetic term coefficients
and the 5D cutoff scale. The inclusion of these terms is also a more systematic and accurate
interpretation of the ‘rescaling factor’ in Eqs.(36),(37) of [1], which is crucial to ensure 5D
perturbativity in models with large brane kinetic terms. An important starting point is to
note that brane kinetic terms are essentially field renormalization on the brane [12, 13]. In
a consistent renormalized theory, whenever a field gets renormalized, the same scaling factor
should enter all interaction terms involving that field.
For concreteness, let us first briefly review QED as a renormalized perturbation theory. We
start with the Lagrangian written in terms of the bare coupling (g0) and fields (Aµ,Ψ)
L = Ψ¯γµ(∂µ + ig0Aµ)Ψ + 1
4
(∂µAν − ∂νAµ)2. (26)
Upon renormalization, all bare quantities are rewritten in terms of the ‘physical’ or ‘renormal-
ized’ quantites (labeled with the superscript (r))
L = Zgig(r)Ψ¯(r)γµA(r)µ Ψ(r) + ZΨΨ¯(r)γµ∂µΨ(r) + ZA
1
4
(∂µA
(r)
ν − ∂νA(r)µ )2, (27)
with renormalization factors Zg, ZΨ, ZA. Comparing the two expressions (26) and (27) the
bare and renormalized quantities are related by: A
(r)
µ = Z
−1/2
A Aµ,Ψ
(r) = Z
−1/2
Ψ Ψ, g
(r) =
Z
1/2
A ZΨZ
−1
g g0. Furthermore, gauge invariance requires the two parts of the covariant derivative
to be renormalized by the same factor, i.e. ZΨ = Zg, so that g
(r) = Z
1/2
A g0.
Now let us consider the brane kinetic and interaction terms in the 5D model. The bare
coupling and fields in the QED example are analogous to the bulk coupling and fields. The
presence of brane kinetic terms implies that brane dynamics renormalizes the fields and cou-
pling. In particular, analogous to the relation Zgg
(r) = Z
1/2
A ZΨg0, the ‘physical’ brane cou-
pling is not only related to the original 5D coupling (analogous to g0), but also contains large
7
renormalization factors. The brane kinetic terms in our 5D model lead to an effective field
renormalization for the gauge field which is formally written as1 ZA = 1 + 2ζA δ(z − zi) where
i = IR,UV. Similarly for the boundary fermion kinetic term where Zf = 1 + η δ(z − zIR).
With a canonically normalized Kaluza-Klein fermion, the coefficient ξIR of the IR boundary
interaction term must therefore be matched as2:
∫
dz 2 ξIRδ(z − zIR) =
∫
dz (ZfZ
1/2
A − 1) =∫
dz
[
(1 + η δ(z − zIR))
√
1 + 2ζAδ(z − zIR)− 1
]
. Since we evaluate the above expression at
z = zIR, the substitution δ(z − zIR)→ δ(0) can be made. According to the Fourier transform
of the δ-function, we can replace δ(0) with Λ- the 5D momentum cutoff, which eventually leads
to the relation
ξIR =
1
2Λ
[
(1 + ηΛ)
√
1 + 2ζLΛ− 1
]
. (28)
Note that in the limit ηΛ≫ 1 and ζLΛ≫ 1 the expression simply becomes ξIR ≃
(
ζL
2
Λ
)1/2
η.
It is important to note that on the IR brane, U(1)Y and SU(2)L can have different brane
kinetic term coefficients, so the induced brane interactions are proportional to
√
ζY ,
√
ζL re-
spectively. However it is easy to check that in order to ensure a universal 4D electric charge Q
for fields with the same T 3 and Y , the renormalization factors for the U(1)Y and SU(2)L brane
interactions should be the same. This requires scaling the hypercharge Y on the IR brane by
an amount
√
ζL/ζY . Using the ζL, ζY values in [1], which is the benchmark point for a good fit
to electroweak precision observables, we find that the rescaling is about 70. As we will see, the
SM gauge couplings are matched with a bulk coupling g5Y
√
k ∼ 0.1. This is sufficiently small
that even the IR rescaled coupling remains perturbative.
Now we are ready to write down the boundary interaction terms with coefficients ξIR, ξUV
S
(4D)
int = i
∫
d5x
√−g
{
2 ξUV δ(z − zUV )(kz)2e5Q5
[
Ψ
(L)
γµA(5)µ Ψ
(L) +Ψ
(R)
γµA(5)µ Ψ
(R)
]
+2 ξIR δ(z − zIR)(kz)2
[
1√
2
g5LΨ
(L)
γµ(AL+µ T
+ + AL−µ T
−)Ψ(L)
+ g5LΨ
(L)
γµAL3µ T
3Ψ(L) + g5YΨ
(L)
γµBµY5LΨ
(L) + g5YΨ
(R)
γµBµY5RΨ
(R)
]}
,(29)
where Q5 is the 5D electric charge and
A(5)µ =
1√
g25L + g
2
5Y
(g5YA
L3
µ + g5LBµ); e5 =
g5Lg5Y√
g25L + g
2
5Y
. (30)
Note that in (29) the interaction has been written to show the dependence on the “bare” 5D
coupling, g5. The effective 4D gauge couplings are obtained by substituting the Kaluza-Klein
expansions in the total action Sint + S
(4D)
int . The KK decomposition of the fermions is given in
1The extra factor of 2 here is chosen to be consistent with the boundary kinetic term convention used for
the gauge field in Ref. [1], where ζA absorbs a factor of 1/2 from the δ-function integration compared to the η
convention defined in Eq.(5)
2We have included a factor of 2 in front of ξIR to cancel the
1
2
factor coming from the δ-function integration.
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(6) while that of the gauge fields is [1]
AL3µ (x, z) = f
(0)
L3 (z)Aµ(x) +
∞∑
n=1
f
(n)
L3 (z)Z
(n)
µ (x), (31)
Bµ(x, z) = f
(0)
B (z)Aµ(x) +
∞∑
n=1
f
(n)
B (z)Z
(n)
µ (x), (32)
AL±µ (x, z) =
∞∑
n=1
f
(n)
W (z)W
(n)±
µ (x), (33)
where Aµ(x) is the 4D photon. However, note that the fermion profiles f
(0)
L+ and f
(0)
R− are
discontinuous at the boundaries and are assumed to vanish at zUV and zIR. On a Z2 orbifold they
would correspond to odd fields. Therefore the boundary contributions to the gauge couplings
only arise from f
(0)
L− and f
(0)
R+ (which correspond to even fields on a Z2 orbifold).
It is instructive to consider the limit η, ζ → ∞. As shown in Ref.[1], the ζ → ∞ limit
causes massless W,Z bosons with fA ∝ 1√ζA to be completely localized on the IR brane, while
the higher KK modes decouple. This is also true for the bulk fermions considered in Section
2.2. Using (21) the normalization integral (18) for fermion KK modes is dominated by the bulk
integral. The massive KK modes are therefore predominantly located in the bulk. However
for a massless fermion mode with fψ ∝ 1√η , the normalization integral (18) is dominated by
the IR boundary term. On the IR brane an order one coupling then arises from the overlap
integral ∝ √ζAηfψfψfA. This realizes the original Randall-Sundrum limit [6] where massless
gauge bosons interact weakly with massless fermions on the IR brane.
In the emergent electroweak model the parameters (η, ζL, Λ) must be chosen to match the
SM couplings at the level required by precision electroweak data. In Ref. [1] it was shown that
with the simplified assumption of all fermions confined to the IR brane, the emergent model
does match the SM well and the S, T parameters are compatible with the LEP bounds. This is
due to the fact that there is a built-in custodial symmetry, together with a sufficient separation
between the W,Z-boson masses and the IR mass scale, as well as suppressed KK couplings
due to the presence of large brane kinetic terms. To again be compatible with electroweak
precision tests, the parameters of the more realistic model with fermion masses presented here,
should be chosen to mimic the simplified model as close as possible. Furthermore, the gauge
coupling to fermions should match well with the self-interaction couplings of non-abelian gauge
fields, which is constrained by LEP data to only allow deviations at the few percent level [14].
As we will see, all these constraints can be satisfied by minimizing the bulk contribution to
the fermion-gauge boson couplings. This is straightforward to achieve by using ηk ∼ O(100)
for all the light fermions, while the top quark is an exception due to its large mass. Note
that large brane kinetic terms are required, but as shown in Ref. [15] they are perturbatively
consistent. We will first study the matching to the photon coupling and fit numerical input
parameters based on this most constraining consideration. Then we will discuss the matching
to the W,Z-boson couplings.
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3.1 Photon coupling
In the emergent model the photon profiles are f
(0)
L3 = N
(0)
A /g5L, f
(0)
B = N
(0)
A /g5Y where N
(0)
A is
a normalization constant (see Eq.(33) in Ref. [1]). Therefore, the coupling of the 4D photon
Aµ(x) to the fermion KK modes is obtained by substituting (31) and (32) into (25) and (29).
The bulk contribution becomes
SA = i
∫
d5x
√−g (kz)N (0)A Q
[
(f
(n)
L+f
(m)
L+ + f
(n)
R+f
(m)
R+ )ψ
(n)
+ γ
µAµψ
(m)
+ + (+↔ −)
]
,
= i
∫
d4xN
(0)
A Q
(
δmn − η
2(kzIR)3
f (m)even(zIR)f
(n)
even(zIR)
)
ψ
(m)
γµAµψ
(n), (34)
where the electric charge Q = T 3+Y and we have used the orthonormal conditions (14). There
are also boundary contributions to the photon couplings which become
∆g
(nm)
Q− = ξUV N
(0)
A Qf
(n)
L−f
(m)
L−
∣∣∣∣
zUV
+
ξIR
(kzIR)3
N
(0)
A Qf
(n)
L−f
(m)
L−
∣∣∣∣
zIR
, (35)
∆g
(nm)
Q+ = ξUV N
(0)
A Qf
(n)
R+f
(m)
R+
∣∣∣∣
zUV
+
ξIR
(kzIR)3
N
(0)
A Qf
(n)
R+f
(m)
R+
∣∣∣∣
zIR
. (36)
Therefore, combining the bulk and boundary contributions, the electromagnetic coupling e
times the charge q, to the fermion zero modes becomes
eq = N
(0)
A Q
(
1− η
2(kzIR)3
f (0)even(zIR)f
(0)
even(zIR)
)
+ξUV QN
(0)
A f
(0)
L−f
(0)
L−
∣∣∣∣
zUV
+
ξIR
(kzIR)3
N
(0)
A Qf
(0)
L−f
(0)
L−
∣∣∣∣
zIR
.
(37)
Using the fermion profile solutions (19) and (20), we find the analytic expression
eq = N
(0)
A Q
[
1 +
ξIRk − ηk/2
1 + (ηk)/2 + (ηk)2m̂2n
]
, (38)
where the UV boundary contribution is negligible. Given that (f
(0)
L−)
2 = (f
(0)
R+)
2 this coupling is
identical for both left and right-handed fermions. This result is consistent with the requirement
that the electromagnetic gauge group remains a fundamental gauge symmetry in the model.
Furthermore, note that only the product (37) of the coupling e times the charge q is determined
from (34). Numerically we find that the SM electromagnetic coupling can be reproduced using
the values g5L
√
k = 0.15, ηk ∼ 200 for light fermions such as electron, ηk ∼ 10 for the top
quark3 and the gauge sector parameters used for the benchmark point in [1]. But since U(1)Q
is an exact gauge symmetry in the SM, we need to consider the universality of e and matching
to SM charges at high precision level. From (37) we see that with a fixed universal coupling e,
the slight nonuniversality in the fermion profiles leads to tiny charge shifts in the usual fermion
charges Q. In the Standard Model this causes U(1)Q violation. For example, since down and
3The different choice for the top quark is related to the fact that m̂t ∼ O(0.1), while for light fermions
m̂i ≪ 1.
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strange quarks mix, small differences in the electric charges of the down and strange quark can
ultimately lead to a photon mass. In addition charge neutrality constraints on the neutron
require the charge shifts to be tiny. A simple way to avoid these constraints is to introduce
flavor dependence into the fermion kinetic coefficients, η. It is with these flavor dependent
coefficients that the fermion charges take their normal values times a universal electromagnetic
coupling. The values required range from δηe/ηe ∼ 10−7 to δηt/ηt ∼ O(1). This tiny flavor
dependence will have negligible effects on other observables, except for the third generation.
However as we will see later, the 3rd generation requires special treatment to be consistent with
electroweak precision tests. Note that for the light fermions the flavor-dependent wavefunction
coefficients do lead to flavor-changing neutral currents (for a nondiagonal 5D Yukawa coupling
matrix (4)). These effects are expected to be small and a complete analysis of flavor effects is
postponed to future work. In addition neutrino charge is avoided by tuning the wavefunction
coefficients of the gauge bosons so that the charged electroweak gauge bosons have their usual
charge.
3.2 W -boson coupling
In the emergent model the electroweak gauge symmetry is not fundamental. The W/Z boson
masses emerge directly from some sector with strong dynamics and by the holographic duality
are identified with the first massive states of a KK tower. In order to be consistent with
experimental constraints, it is also necessary to sufficiently separate the first KK mode from
the higher KK resonances which can be achieved using boundary kinetic terms. Therefore the
expression for the lowest-lying KK mode which is identified with the W -boson is [1]
f
(1)
W (z) ≃
√
1
ζL
(
z
zIR
)2
, (39)
with mW =
√
2/(ζLk)z
−1
IR and ζL is the coefficient of theW -boson boundary kinetic term. Since
the KK mode profiles are not constant, gauge universality is no longer guaranteed and the
differences between the fermion wavefunctions lead to non-universality in the gauge couplings.
The couplings to theW -boson are obtained by substituting (33) into (25) and (29). They can
be separated into couplings to left (−) and right-handed (+) fermion fields. The contribution
from the bulk is
g
(nml)
W± = g5L
∫ zIR
zUV
dz
(kz)4
f
(n)
iL±f
(m)
jL±f
(l)
W , (40)
while the IR boundary gives the contributions
∆g
(nml)
W− = g5L
ξIR
(kzIR)3
f
(n)
iL−f
(m)
jL−f
(l)
W
∣∣∣∣
zIR
. (41)
Note that the W-boson couplings (41) only receive contributions from the IR boundary and
there are no boundary couplings to right-handed (+) fields, since they vanish at the IR bound-
ary.
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We are interested in the 4D gauge coupling of the W -boson to the standard model left-
handed fermions. These are identified with the lowest lying KK fermion modes ψ
(0)
− with
profiles f
(0)
L−. Hence according to the general expressions (40) and (41), the effective 4D gauge
coupling for the W -boson is
gW ≡ g(001)W− +∆g(001)W− = g5L
∫
dz
(kz)4
f
(0)
iL−f
(0)
jL−f
(1)
W + g5L
ξIR
(kzIR)3
f
(0)
iL−f
(0)
jL−f
(1)
W
∣∣∣∣
zIR
. (42)
Note also from (40) that the W -boson couples to ψ
(0)
+ . This is an anomalous coupling to right-
handed fermion states. These couplings are generated because the Ψ(L) fields in (25) are Dirac
fermions containing right-handed SU(2)L doublets. They are a generic prediction of fermions
with boundary mass terms in a warped extra dimension [11].
To obtain a numerical estimate of the W -boson gauge couplings we will consider the bulk
fermion example in Sec. 2.2. The gauge coupling (42) becomes
gW ≃ g5L√
ζL
2
ηk
[
1
3
+ ξIRk(1− 2(ηk)m̂im̂j)
]
, (43)
where i 6= j. We see that to leading order the gauge coupling is universal, as expected from
the universal fermion bulk profile and boundary fermion kinetic terms. This leading behaviour
can be used to determine the value of the 5D coupling g5L. Assuming a fermion kinetic term
with coefficient ηk = 200, ζLk = 1002, ζY k = 0.2, ζQk = 1715 and a boundary coupling (28)
with Λ = 10k, one finds that g5L
√
k ∼ 0.15. This value is sufficiently small that the 5D theory
remains perturbative.
In addition we see that the nonuniversality in (43) is quite suppressed, especially for the
lighter fermions where m̂i ≪ 1. For example, the difference between the tau and muon coupling
is one part in 104, while the difference between the muon and electron coupling is negligible.
This is consistent with experiment which constrains lepton non-universality at the level of 1/500
[19]. Similarly the difference between the up and electron coupling is negligible, consistent with
the 1/167 bound on lepton-quark non-universality from LEP2 [20]. However the biggest effects
occur for the third generation quarks. The difference between the top-bottomW -boson coupling
and the up-down W -boson coupling is approximately 15%, namely
gW−(tb)
gW−(ud)
= 0.854. (44)
The Wtb coupling has only recently been measured at the 20% level in single top-quark pro-
duction at D0 [21].
The anomalous W -boson gauge coupling can also be computed analytically. It is found to
be
g
(001)
W+ ≃
g5L√
ζL
2
3
(ηk)m̂im̂j ≃ gW (ηk)
2
3ξIRk
m̂im̂j . (45)
This coupling is always suppressed compared to gW . The largest value occurs for the third
generation quarks and for the massless bulk fermion example we obtain g001W+ ∼ 3× 10−4 gW .
Finally note that we have presented numerical results for massless bulk fermions (c = 0).
Clearly c can be changed, and in particular we have numerically checked that for c near zero
the W -boson coupling ratio does not vary greatly.
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3.3 Z-boson coupling
Just like theW -boson, the Z-boson is a composite state in the emergent model that is identified
with the lowest-lying KK state. The expressions for the profile functions f
(1)
L3,B = NZ f˜
(1)
L3,B are
given by [1]
f˜
(1)
L3 (z) = z
[
J1(mZz) + b
L3
1 Y1(mZz)
] ≃ 1
2
mZz
2 − m
−1
Z
ζQk(1 + β25)
, (46)
f˜
(1)
B (z) =
NB1
NL31
z
[
J1(mZz) + b
B
1 Y1(mZz)
] ≃ −β5 log(mZzIR)
2ζQk(1 + β
2
5)
mZz
2 − β5m
−1
Z
ζQk(1 + β
2
5)
, (47)
where
bL3,B1 =
(ζL,Y k) m̂ZJ1(m̂Z)− J0(m̂Z)
Y0(m̂Z)− (ζL,Y k) m̂ZY1(m̂Z) , (48)
NB1
NL31
= β5
J1(mZzUV ) + b
L3
1 Y1(mZzUV )
J1(mZzUV ) + b
B
1 Y1(mZzUV )
, (49)
with β5 = g5L/g5Y , m̂Z = mZzIR, NZ is the normalization factor and ζL,Y are the constant
coefficients of the gauge boson IR boundary kinetic terms.
The Z-boson coupling to fermions follows from substituting (31) and (32) into (25) and
(29). Again the couplings can be split into those involving left-handed (−) and right-handed
(+) fermion fields. The contribution from the bulk interactions is
g
(nml)
Z± =
∫ zIR
zUV
dz
(kz)4
[(
g5Lf
(l)
L3T
3 + g5Y f
(l)
B Y5L
)
f
(n)
L±f
(m)
L± + g5Y f
(l)
B Y5Rf
(n)
R±f
(m)
R±
]
, (50)
while the boundary contributions are
∆g
(nml)
Z− = ξUV e
2
5Q
(
f
(l)
L3
g5L
+
f
(l)
B
g5Y
)
f
(n)
L−f
(m)
L−
∣∣∣∣
zUV
+
ξIR
(kzIR)3
(
g5LT
3f
(l)
L3 + g5Y Y5Lf
(l)
B
)
f
(n)
L−f
(m)
L−
∣∣∣∣
zIR
,
(51)
∆g
(nml)
Z+ = ξUV e
2
5Q
(
f
(l)
L3
g5L
+
f
(l)
B
g5Y
)
f
(n)
R+f
(m)
R+
∣∣∣∣
zUV
+
ξIR
(kzIR)3
g5Y Y5Rf
(l)
B f
(n)
R+f
(m)
R+
∣∣∣∣
zIR
. (52)
We are particularly interested in the Z-boson couplings to the lowest-lying fermions. The
couplings gZ−(gZ+) to left (right)-handed fermions are therefore given by
gZ∓ ≡ g(001)Z∓ +∆g(001)Z∓ . (53)
Note that in addition to the usual Z-boson couplings in the standard model, the couplings
(53) of the 5D emergent model contain anomalous couplings. Again this is a consequence of
5D fermions with brane-localized mass terms. From (53), (51) and (52) we see that gZ± has
anomalous couplings proportional to Q arising from the UV boundary terms given by
δg
(Q)
Z∓ = ξUV e
2
5Q
(
f
(1)
L3
g5L
+
f
(1)
B
g5Y
)
f
(0)
L−,R+f
(0)
L−,R+
∣∣∣∣∣
UV
. (54)
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However on the UV boundary both the gauge boson and fermion profiles are extremely sup-
pressed so this anomalous coupling is negligible.
The coupling to left-handed fermions, gZ− also contains an anomalous coupling proportional
to YR. This bulk contribution arises from the left-handed fermions in the Dirac spinor Ψ
(R)
and is given by
δg
(R)
Z− = g5Y Y5R
∫
dz
(kz)4
f
(1)
B f
(0)
R−f
(0)
R− . (55)
This contribution is proportional to m̂2, so will be suppressed except for the top quark.
Finally the right-handed coupling to fermions, gZ+ also has anomalous couplings propor-
tional to T 3 and YL. These are again bulk contributions arising from right-handed fermions in
the Dirac spinor Ψ(L). They are given by
δg
(L)
Z+ =
∫
dz
(kz)4
(g5LT
3 + g5Y Y5L)f
(1)
B f
(0)
L+f
(0)
L+ . (56)
Again this contribution is proportional to m̂2 and will be suppressed except for the top quark.
The couplings (53) must be compared with those in the standard model where
g
(SM)
Z− =
g
cos θW
(cos2 θWT
3 − sin2 θWYL) , (57)
g
(SM)
Z+ =
g
cos θW
(− sin2 θWYR) . (58)
In terms of the vector gV = gZ− + gZ+ and axial gA = gZ− − gZ+ Z-boson couplings to the
quarks one obtains
g
(SM)
V
g
(SM)
A
= 1− 4|Q| sin θ2W . (59)
To match the 5D emergent model to the standard model couplings we use the couplings
(53) to obtain the ratio
gV
gA
= 1 + ǫ− 4|Q| sin θ2W , (60)
where
ǫ =
2
∫
dz
(kz)4
(g5Lf˜
(1)
L3 − g5Y f˜ (1)B )f (0)L+f (0)L+∫
dz
(kz)4
(g5Lf˜
(1)
L3 − g5Y f˜ (1)B )(f (0)L−f (0)L− − f (0)L+f (0)L+) + ξIR(kzIR)3 (g5Lf˜
(1)
L3 − g5Y f˜ (1)B )f (0)L−f (0)L−
∣∣∣
zIR
, (61)
sin2 θW =
−
(∫
dz
(kz)4
g5Y f˜
(1)
B (f
(0)
L−f
(0)
L− + f
(0)
L+f
(0)
L+) +
ξIR
(kzIR)3
g5Y f˜
(1)
B f
(0)
L−f
(0)
L−
∣∣∣
zIR
)
∫
dz
(kz)4
(g5Lf˜
(1)
L3 − g5Y f˜ (1)B )(f (0)L−f (0)L− − f (0)L+f (0)L+) + ξIR(kzIR)3 (g5Lf˜
(1)
L3 − g5Y f˜ (1)B )f (0)L−f (0)L−
∣∣∣
zIR
.
(62)
In deriving the expressions (61) and (62) we have used the fact that (f
(0)
L−)
2 = (f
(0)
R+)
2. Note
also that in the numerator of (62) we have neglected the UV boundary couplings (54).
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For our example in Section 2.2 we find the numerical value of (62) to be sin2 θW ≃ 0.223,
with negligible deviation amongst the light fermions. This is consistent with the on-shell scheme
value of sin2 θW = 1 −m2W/m2Z . The numerical value of (61) ranges from ǫe ∼ 1.5 × 10−13 for
the electron, up to ǫt ∼ 9× 10−4 for the top quark.
The deviations in the Z-boson couplings for the light fermions are consistent with experi-
mental constraints. For example, the deviation between the tau and electron Z-boson coupling
is 0.04%. The largest deviations in the Z-boson couplings occur for the third generation quarks.
The deviation in the bottom quark coupling compared to the SM value is at the 0.3% level.
However for the top quark we obtain
gZ−(top)
g
(SM)
Z− (top)
= 0.731;
gZ+(top)
g
(SM)
Z+ (top)
= 0.732. (63)
These correspond to deviations in the couplings at the 20% level. This coupling is yet to be
experimentally measured, although at the LHC it will be measured at this level with 300 fb−1
of data [22].
The Z-boson coupling deviation can also be converted into a flavor-dependent change of the
vector gV = gZ− + gZ+ and axial gA = gZ− − gZ+, Z-boson couplings to the quarks. Consider
first the bL quark with (T
3, Q) = (−1/2,−1/3). Numerically we obtain g(b)V = −0.264 and
g
(b)
A = −0.376. Again using m̂b = 0.0025 the corrections are quite small of order one part in
107. Furthermore the sign of the corrections does not help to explain the Zbb¯ anomaly [17],
where the experimental values (g
(b)
V , g
(b)
A ) are (−0.238,−0.38) (although this is only for the
massless bulk fermion example (c = 0)) Instead for the top quark tL with (T
3, Q) = (1/2, 2/3)
the deviations will again be at the 20% level.
3.4 Electroweak Precision Analysis
In Ref. [1] electroweak precision tests (EWPT) were conducted for the simplified model where
all fermions are confined on the IR brane with a universal gauge coupling. It was found
that the non-SM corrections can be compatible with LEP bounds using z−1IR ∼ 1.8 TeV. In the
more realistic fermion model presented here, we have seen that mass-dependent nonuniversality
appears in the gauge couplings. Although the effect from light fermion couplings is negligible,
the top-quark couplings gain an O(20%) deviation, which can cause sizeable corrections to
EWPT.
As discussed in [23, 22], the electroweak precision observables most sensitive to the anoma-
lous top coupling are ǫ1 (related to the T -parameter), and ǫb (related to the Zbb¯ coupling).
Using the results in [23] (see Eqs. (1), (12) and (13)) we numerically obtain
ǫSM1 + δǫ1 ≃ 19× 10−3; ǫSMb + δǫb ≃ −13× 10−3, (64)
where for a top-quark mass mt = 171 GeV we obtain ǫ
SM
1 = 9.2×10−3 and ǫSMb = −6.1×10−3.
In the SM contribution to ǫSM1 we have explicitly subtracted the Higgs contribution since our
model is Higgsless. This compares with the experimental results [24]
4.4× 10−3 ≤ ǫexp1 ≤ 6.4× 10−3, (65)
−6.2× 10−3 ≤ ǫexpb ≤ −3.1 × 10−3. (66)
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We see that the results of the model (64) are a factor of approximately 2− 3 times outside the
current experimental range. However the experimental bounds are at 68% C.L. and increasing
to 99% C.L. decreases the discrepancy with our theoretical values. We have also not included
effects from the Kaluza-Klein states, which may compensate our values in (64). In addition
anomalous top couplings may also generate flavor signals, such as the nonunitarity of the CKM
triangle. A detailed discussion of these effects is beyond the scope of this paper but may be
just as relevant as the electroweak precision tests.
The origin of the discrepancy with experiment is the fact that the top quark is not as IR
localized as the light fermions. As noted in Section 3.1 the deviations are related to the fact
that top quark has a large mass close to IR scale: m̂t ∼ 0.1. A simple way to avoid the
large deviations for the top quark is to increase the IR scale z−1IR up to ∼ 10 TeV. This leads to
m̂t ∼ O(0.01), causing the IR boundary contribution to dominate. The non-unversality between
the top quark and other fermion couplings can then be reduced to be within experimental
bounds. However such a high IR scale would typically not unitarize WW scattering at the TeV
scale. Therefore the only way to reasonably account for the discrepancy with experiment is
to treat the third generation quarks differently compared to the light fermions. In fact similar
issues have also been encountered with other Higgsless models such as technicolor or the 5D
Higgsless models [25, 4]. Indeed in these models the problem is addressed by separating the
physics of electroweak symmetry breaking from the physics which generates the top quark mass,
where the scale of the top quark mass generation is at a higher scale to reduce the anomalous
top coupling [25, 26, 27]. Therefore in our framework, one possibility would be to have two
separate bulk AdS spaces meeting at the IR brane (TeV scale), one for the top quark and the
other for the light fermions. The AdS bulk for the top quark has a smaller compactification
radius, so that the IR scale for that bulk is O(10) TeV. The details of this plausible solution
are left for future work.
4 Conclusion
We have shown how fermion masses are generated in a model of electroweak symmetry breaking
with compositeW,Z gauge bosons. While the generation ofW,Z boson masses does not rely on
a Higgs mechanism, resulting instead from the breaking of conformal symmetry, the fermions
are mostly composite states that emerge at the IR scale and obtain a mass from electroweak
symmetry breaking at the Planck scale. Gauge coupling universality is achieved via a universal
fermion profile and the suppression of both gauge boson and fermion profiles at the UV brane.
The fermion mass hierarchy is no longer generated by the wavefunction overlap of bulk profiles,
but instead relies on a Froggatt-Nielsen mechanism near the UV scale.
In summary, all light fermions fit well in our current model–the generation of mass, universal
gauge couplings and agreement with electroweak precision tests. Although there is no conflict
with current direct bounds, the 20% deviation of the top-quark coupling from the SM leads to
a tension with indirect bounds from electroweak precision data. Nevertheless these problems
can be averted by treating the top quark separately like in other Higgsless models. Of course
there may be other possibilities where all fermions can be treated in a uniform framework, and
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this is open to future model building. Furthermore, the lightest Kaluza-Klein top quark in our
setup has a mass of 1.5 TeV and this state can lead to an interesting discovery signal at the
LHC. The idea that the electroweak gauge symmetry is not fundamental and mass is generated
without a Higgs mechanism remains an intriguing possibility. It will soon be put to further
stringent tests at the LHC.
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